Introduction
One of the basic conditions [6, 9] for the construction of a quality building work is the selection of suitable types of materials (e.g. coarse aggregate, filler, bitumen binder), their quality, and strict adherence to technological conditions during production respectively compaction of asphalt mixtures.
Currently, there are several manufacturers of bitumen worldwide and each of them uses their own technological processes for processing and newest technology and with their help ensure the required quality and application properties of the product. These properties are then verified by the prescribed tests which bitumen binder must satisfy and which are critical to the designation and definition of bitumen binders. Bitumen quality criteria are defined in European Product Standard and detailed in bitumen catalogue sheets valid for roads and highways in Slovakia. The datasheets determine the ways and use of bitumen binders for the production of mixtures for wearing, binder and base courses When characterizing bitumen binders and determining their properties, we encounter variability of the results. Wide range of specified penetration values (between 10 and 50 × 0.1 mm) and softening point (8 °C) or with modified bitumen binders, determining only the lower limit causes that bitumen binders of the same grade (of the same kind) to have different properties. During processing of design of asphalt mix within type test is used a bitumen with certain penetration values and softening point e.g. at the lower edge within the allowed limit and asphalt mix is designed and set to certain parameters so that the requirements are met of KLAZ (Data sheets of bitumen binders) [10] . However, if asphalt is used in production which complies with specified grades of bitumen but values of penetration and softening point are at close to the upper limit, such an asphalt mixture no longer has to meet the required parameters, e.g. it will not have sufficient resistance to permanent deformation during the summer.
polymer, which gives it extra strength, high cohesiveness and resistance to fatigue, stripping and deformations, making it a favourable material for structure of pavement. We can also characterize polymer modified bitumen as a type of bitumen obtained by modification of strength and rheological properties of penetration graded bitumen. In PMB, from 2 to 8 % of polymer is added. As polymer can be either of plastomeric or elastomeric nature. These polymers ameliorate the strength and the viscoelastic properties of the bitumen. This is achieved by:
1. elastic response increase, 2. improvement in cohesive property, 3. improvement in fracture strength, 4. providing ductility. Paving grade bitumens are characterised by their consistency at intermediate service temperature (determined by penetration test), consistency at elevated service temperature (determined by softening point or viscosity test) and durability. Their brittleness at low service temperature (determined by Fraass breaking test) and temperature dependence to consistency (penetration index) may also need to be determined to meet regional requirements for specific conditions, such as extreme cold or wide ambient temperature variations.
To understand the performance of the utilized bitumen, the design of physical properties of the material is highly essential. The standard testing methods are carried out to grade bitumen. Quality assurance of bituminous binders is carried out by penetration test of bitumen and softening point of bitumen, thus with using empirical method.
These empirical tests, however, cannot adequately describe the complicated, rheological behaviour of bituminous binders, which is proved in practice. Bitumen binders have a viscoelastic character. It means that by impact of external forces partially elastic deformation occurs (elastic component) and partially plastic strain occurs (viscosity component). Their behaviour is dependent on the temperature as well as on the size and time duration of the load.
One of the parameter used in rheology to explain the material behaviour is viscosity. Viscosity or glutinousness represents the intrinsic resistance of the material toward the flow caused by external forces, which originates from the chemical and physical interactions of the material itself. Viscosity as the physical property of liquids characterizes flow behaviour and determines flow resistance. In the case of bitumen binders, dynamic viscosity could be used as a qualitative parameter.
Experimental program
Within laboratory measurements, there were studied the properties of binders for the production of asphalt mixtures which are commonly used in practice for asphalt pavement construction -paving grade bitumen 50/70 and polymer modified bitumen PMB 45/80-75. Tests of basic properties were performed as penetration at 25 o C according EN 1426, softening point according EN 1427, and dynamic viscosity in the temperature range from 120 to 190 o C. Ten measurements on each type of bitumen of one batch were performed. The results were statistically evaluated and types of bitumen were compared to each other. In addition, penetration, softening, and viscosity measurements on three samples of 50/70 paving grade bitumen and three samples of 35/50 from three different manufacturers were performed to detect differences between samples with aim to identify the differences between the samples, the potential impact of production technology, and the origin of crude oil -raw materials for the production of asphalt. 
Results and analysis
Most of these methods set the limits to evaluate the test results acceptance. Repeatability of measurements in penetration determination as consistency of bitumen at middle operating temperature ( The values from measurements of softening point and penetration of tested bitumen binders (ten samples of paving grade bitumen 50/70 and ten samples of polymer modified bitumen PMB 45/80-75) from one production batch and statistically evaluated are presented in Table 1 . During the data analysis [5, 7] the parameters of the file, thus the information about the examined file are acquired. Basic parameters include arithmetic mean, modus, mode (median), which characterize the position (level) of the values and variation range, standard deviation, variation (divergence) which characterize the variability of the values of the analysed parameter. For statistical file, the variability of identified values is also characteristic. To express the file variability, the following parameters are used: Variation range v r is only an approximate characteristic of the variability of the values of the tracking character (the difference between the maximum and the minimum value). The variance σ 2 represents the arithmetic mean of the second exponents (squares) of deviations from the mean value x. Standard deviation σ is a measure that is used to quantify the amount of variation or dispersion of a set of data value. If there are two files, we are often interested whether the values of the examined character are in the first file more dispersed compared to the second file. In the case that both files have the same size, the variability of the character in both files can be compared by their variations and standard deviations, if measurements in both files were made according to the same methodology and roughly equally large averages have been found. Otherwise we will use Pearson's variation coefficient to compare the variability of both sets. We can calculate it as the ratio of the standard deviation and the arithmetic mean. It expresses the degree of variability in percentages of the arithmetic mean. • shear rate at s 
where: TK is viscometer torque constant (for model RVDV-II+, TK = 1), RPM is current viscometer spindle speed, SMC is current spindle multiplier constant 2 (for torque of model SC4-27, SMC = 25), SRC current spindle shear rate constant (for model SC4-27, SRC = 0.34), Torque is current viscometer torque (%) expressed as a number between 0 and 100. The values from measurements of dynamic viscosity of tested bitumen binders (ten samples of paving grade bitumen 50/70 and ten samples of polymer modified bitumen PMB 45/80-75) from one production batch and statistically evaluated are presented in Table 2 and Table 3 . The results from measurement confirm known fact that modified bitumen has higher values of viscosity at all temperature than unmodified bitumen. , and standard deviation of tested bitumen decreases with increasing temperature (the exception is PMB at temperatures 120, 165, and 180 o C). We can also see that paving grade bitumen has a decreasing tendency of values of standard deviation, but PMB bitumen has a decreasing tendency only at lower temperature (from 120 to 160 o C). Higher differences of standard deviation between individual binders can be observed at lower temperatures (due to the fact that at lower temperatures the bitumens have higher viscosity values) and with increasing temperature the differences between the binders decrease.
In the case of variation coefficient (Fig. 4.4) we can see that the results are not so clear. Table 4 . A graphical representation of the measurement of the softening point and penetration is presented in Figs. 4.5 and 4.6. (Fig. 4.8) . It should be noted that between different types of bitumen from different manufacturers, there are some differences in the measured and achieved test values, but nevertheless all measured results meet the requirements of the data sheets for type of bitumen binder. From the measurements it is also possible to conclude that the greatest differences in measured values were measured for dynamic viscosity and penetration, on the contrary the lowest differences in the results were in the softening point test [4] .
Conclusion
Quality assurance of bituminous binders is carried out by penetration test of bitumen and softening point of bitumen, which represent an empirical approach. These empirical tests, however, cannot adequately describe the complicated, rheological behaviour of bituminous binders, what is also proven by practice. Bitumen binder's behaviour as visco-elastic materials depends on temperature, speed, and size of load. One of the parameters characterising this behaviour is viscosity. Measurements confirm known fact that modified bitumen has higher values of viscosity at all temperature than unmodified bitumen. The results show that if we have bitumen (paving grade bitumen and polymer modified bitumen) from one production batch and performed 10 penetration tests and 10 softening point tests, we can see that the results are not the same and therefore the results were evaluated using statistical parameters -standard deviation and variation coefficient. In the viscosity test, the 50/70 has a higher standard deviation and a variation coefficient than the 35/50 binder. It could be said that harder bitumen has lower values of standard deviation and variation coefficient in all tests (softening point, penetration, and viscosity).
